Abstract New high-resolution echelle spectra of six single late-type Pleiades-like stars (V368 Cep, EP Eri, DX Leo, GJ 211, PW And and V383 Lac) were obtained with the 2.16 meter telescope at Xinglong Station in 2008-2010. Using the spectral subtraction technique, we analyzed our spectroscopic data and calculated the equivalent widths of excess emission from several indicators of chromospheric activity (Na I D 1 , D 2 , Hα and Ca II infrared triplet lines). All our results using chromospheric activity indicators confirmed the previous findings. In addition, the maximum amplitudes of chromospheric rotational modulation and the ratio of EW 8542 /EW 8498 were found to rise with increasing v sin i velocity.
INTRODUCTION
Late-type stars with thick convective zones and rapid rotation exhibit phenomena related to magnetic activity, such as starspots, plages and flares (Berdyugina 2005; Güdel 2002; Hall 2008; Strassmeier 2009; Gu et al. 2002) . However, in many of these kinds of stars, the details related to active phenomena are not well understood and need to be studied, especially properties of their chromospheric activity (Wang et al. 2009; Zhao et al. 2011 Zhao et al. , 2013 , chromospheric rotational modulation and magnetic cycle (Baliunas et al. 1995; etc) . To understand stellar chromospheric activities, herein we study the magnetic activities of late-type stars with different stellar parameters by using high-resolution spectroscopy, and investigate the properties of magnetic activity in their chromosphere, and relations between chromospheric activity and stellar parameters (Zhang 2011) .
Chromospheric activity is a proxy for levels of variable activity in late-type stars. The spectral subtraction technique has been widely used to discuss chromospheric activity by observing several optical lines: the Ca II H & K, He I D 3 , Na I D 1 , D 2 , Hα, Hβ and Ca II infrared triplet (IRT) lines (Barden 1985; Fekel et al. 1986; Gunn & Doyle 1997; Lazaro & Arevalo 1997; Montes et al. 2000; Frasca et al. 2002; Griffin & Griffin 2004; Gálvez et al. 2009; Frasca et al. 2010; Cao & Gu 2012; Zhang et al. 2014; etc) . Because chromospheric activities are mostly variable with time and phase (Baliunas et al. 1995) , we need more data to calculate their average values to obtain the precise relationship between chromospheric activity and stellar parameters.
In this paper, we describe our spectroscopic studies of six targets that resemble single late-type stars seen in the Pleiades with a spectral type similar to K0-2 V. First, we introduce new highresolution optical observations. After that, we intend to discuss the chromospheric activity indicators and diagnostic technique. Then, we discuss the behavior of chromospheric activity, and the relationship between chromospheric activity and stellar rotation.
First, we introduce new high-resolution optical observations in Section 2. After that, we intend to discuss the chromospheric activity indicators and diagnostic technique in Section 3. Then, we discuss the behavior of the chromospheric activity in Sections 4 and 5, and the relationship between chromospheric activity and stellar rotation in Section 6.
OBSERVATIONS AND REDUCTIONS
Our high-resolution spectroscopic observations of V368 Cep, EP Eri, DX Leo, GJ 211, PW And and V383 Lac (see Table 1 ) were made using the 2.16 m telescope at Xinglong Station, administered by National Astronomical Observatories, Chinese Academy of Sciences, in five observing sessions: 2008 September 19; 2009 November 1 and December 29-31; and 2010 January 2-4 and February 2-4. In our five observing sessions, we obtained a total of 30 spectra. The spectral resolution of the Coudé echelle spectrograph is about 37 000 with a spectral range of 5600-9100Å (Zhao & Li 2001) . The reciprocal dispersions and spectral resolution for the region with various chromospheric activity indictors were listed in a previous paper (Zhang & Gu 2008) . At the same time, we also observed several inactive stars (HR 222 (K2.5 V), HR 166 (K0 V), HR 1614 (K3 V), GJ 706 (K2 V) and HD 3765 (K2 V)) with spectral types and luminosity classes close to our objects in order to construct synthesized spectra. References: Montes et al. (2001a) ; Høg et al. (2000) .
We reduced our spectra using the IRAF package that includes zero subtraction, flat field division, background subtraction, cosmic-ray removal and extraction of 1D spectra. The wavelengths were calibrated by the spectrum from a Th-Ar lamp. Then, the observed spectra were normalized by a polynomial fit. In some instances, the observations suffered from poor seeing and intermittent clouds, and we had to increase the exposure time. Our observational log is listed in Table 2 , which includes the names of objects we observed, the observational time, the Heliocentric Julian Date (HJD), exposure time and the signal to noise (S/N) values. On each night, we also observed at least one of several rapidly rotating early-type stars: HR 7894 (B5 IV, v sin i = 330 km s −1 ); HR 1051 (B8 V, v sin i = 334 km s −1 ); HR 8858 (B5 V, v sin i = 332 km s −1 ) and HR 989 (B5 V, v sin i = 298 km s −1 ) as telluric templates. If the telluric lines in the spectra of our objects were heavy, we removed their telluric lines using these telluric templates obtained by the telluric subpackage that is part of IRAF. A detailed description of the method and an example of this procedure was provided by Gu et al. (2002) . 
SPECTROSCOPIC ANALYSIS AND DIAGNOSTIC TECHNIQUE
We briefly discuss the Li 6708 line, chromospheric activity indicators and the diagnostic technique we used in this analysis.
The Li I Line
The Li I 6708Å line is an important indicator of age because it is destroyed by thermonuclear reactions in stellar interiors.
Chromospheric Activity Indicators
Chromospheric activity produces a filling-in or emission in some strong photospheric lines. Typically, we use the strong lines as chromospheric activity indicators (Montes et al. 2004; Zhang 2011) . These indicators are summarized as follows:
The Na I D 1 and D 2 lines The Na I D 1 (5896Å) and D 2 (5890Å) lines are formed in the upper photosphere and lower chromosphere. They are detected as an emission reversal during flares or as filled-in absorption (Andretta et al. 1997; Montes et al. 1997; Montes et al. 2004 ).
The Ca II IRT lines
The Ca II IRT lines (8498Å, 8542Å and 8662Å) are very important optical chromospheric activity indicators (Gunn & Doyle 1997; Montes et al. 1997; Montes et al. 2000) . They are formed in the lower chromosphere. The ratio of excess emission, EW 8542 /EW 8498 , is also an indicator of the chromospheric structure of plages and prominences. The value of EW 8542 /EW 8498 is around 1-3 for solar and stellar plages (Chester 1991; Lazaro & Arevalo 1997; Montes et al. 1997) , but the value is above 3 for prominences (Chester 1991) .
The Hα, Hβ and other Balmer lines
The Balmer lines (Hα (6563Å), Hβ (4861Å), H γ (4341Å), etc) are very useful indicators of chromospheric activity and are formed in the middle chromosphere. For less active stars, their profiles show filled-in absorption. However, their emissions are above the continuum for many active stars. Furthermore, the ratio of EW Hα /EW Hβ can also be used as a diagnostic indicator for discriminating between plages and prominences (Hall & Ramsey 1992; Montes et al. 2004) , and as a diagnostic tool for the presence of non-thermal electrons (Kashapova et al. 2008 ). According to the Buzasi model (Buzasi 1989) , a low ratio (1-2) indicates the presence of a plage or prominence viewed against the stellar disk, but a high ratio (> 3, to a theoretical maximum of about 15) signals extended regions viewed off the limb of the star (Hall & Ramsey 1992) .
The Ca II H & K lines
The Ca II H (3968Å) & K (3933Å) lines have been traditional chromospheric indicators (Montes et al. 2004; Zhao et al. 2013) . They are formed in the middle chromosphere, and the corresponding core emissions signify normal behavior in chromospheric activity.
The He I lines
The He I D 3 5876Å and He I 10830Å lines are formed in the upper chromosphere (Shcherbakov et al. 1996; Houdebine et al. 2009 ). Emission of these lines above the continuum indicates the presence of a flare event (Zirin 1988; Montes et al. 1999) .
Our observational spectral region is about 5600-9100Å, which includes the Na I D 1 and D 2 lines, the Hα line, the Ca II IRT lines and the He I D 3 line. We can use these indicators to investigate chromospheric activities.
The Spectral Analysis Technique
To decern the contribution from chromospheric activity, the spectral subtraction technique is commonly employed. The principle behind this method is that chromospheric contribution equals the observed spectra minus the synthesized spectra. The key aspect of this technique is to construct a reasonable synthesized spectrum representing the underlying contribution from the photosphere. There are two methods that are utilized. One is to use theoretical spectra based on the radiation transfer equation (Fraquelli 1984) , while the other employs the observed spectra of inactive stars (Barden 1985; Herbig 1985; Eker et al. 1995; Gunn & Doyle 1997; Frasca et al. 2000b; etc) .
The normalized spectra from our samples were analyzed using the second method and by using the STARMOD program (Barden 1985; Montes et al. 1995 Montes et al. , 2000 etc) . During the analysis, the template and v sin i values of our objects were determined using spectra with wavelength ranges of 6389-6477Å and 6615-6706Å (Zhang & Gu 2008 ). An example of the subtracted (the observed spectra minus the synthesized one), observed and synthesized spectra in the wavelength range 6395-6435Å based on three different template stars is displayed in Figure 1 . For all our objects, the templates of HR 166 (K0 V) and HR 222 (K2.5 V) are better than the other templates, such as HR 1614 (K3 V) (see Fig. 1 
Fig. 4
The same spectra for DX Leo.
Fig. 5
The same spectra for EP Eri.
Fig. 6
The same spectra for GJ 211. Fig. 7 The same spectra for PW And.
The equivalent widths (EWs) of the excess emissions were measured on the subtracted spectra by integrating over the emission profile with the IRAF SPLOT package. The details of the method were described in our previous paper (Zhang & Gu 2008) . We listed the EWs of the chromospheric emissions in Table 3 . Because the Li I line is blended with the nearby Fe I 6707.41Å (when v sin i > 8 km s −1 ), the equivalent width of the Li I was calculated by subtracting the EW of the Fe I 6707.41 line (Montes et al. 2001a ), which could be obtained from the relationship derived by Soderblom et al. (1993a) . The phases were calculated using the equation at the bottom of Tables 3 and 4 .
INDIVIDUAL RESULTS
We describe the individual results related to chromospheric activity shown by our objects in the following.
V368 Cep
is the optical counterpart of X-ray source H2311+77 (Fekel 1997; Nugent et al. 1983; Pravdo et al. 1985; Kahanpää et al. 1999) . Observations of this target have observed a starspot (Poretti et al. 1985; Bianchi et al. 1991; Mantegazza et al. 1992; Kahanpää et al. 1999) , chromospheric emission (Joy & Wilson 1949; Montes et al. 2001a) , transition region emission (Bianchi et al. 1991) ; coronal X-ray events (Pravdo et al. 1985; Pandey & Singh 2008 ) and flare events (Bowyer et al. 1994; Pye et al. 1995) .
The chromospheric activity in V368 Cep was first detected as strong emission in the Ca II H & K lines by Joy & Wilson (1949) . Later, Montes et al. (2001a) observed strong and variable excess chromospheric emissions in the Balmer lines, and the Ca II IRT in the emission was superimposed on the corresponding absorption. Our five spectra confirm the behavior of chromospheric activities (Figs. 2 and 3). To compare our results with published data, we collected all published EWs in Table 4 . All the EWs in the Hα and Ca II IRT lines are plotted vs. the orbital phase in Figure 9 and vs. HJD in Figure 10 . As can be seen from these figures, all our results on chromospheric activity indicators confirmed the previous results. However, the data in the present paper are not enough to study the modulations of V368 Cep, not only due to the sparse data sampling, but also the longer cadence of the new observations. There were two Li observations with EWs of 288 mÅ (Poretti et al. 1985) and 207 mÅ (Montes et al. 2001a ). Our result was 249 ± 4 mÅ, which is slightly larger than the result of Montes et al. (2001a) but smaller than that of Poretti et al. (1985) . This might be caused by the normalization and possible blending of the spectral lines, or other reasons. These values confirm that V368 Cep is a possible member of the Local Association moving group (Poretti et al. 1985; Montes et al. 2001a,b; Martínez-Arnáiz et al. 2011) , the age of which is about 20 to 150 Myr (Montes et al. 2001a,b; etc) .
DX Leo
is a nearby young active star (Fekel 1997) . Observations of this target have observed a starspot (Henry et al. 1995a; Messina & Guinan 1996; Strassmeier et al. 1997; Messina et al. 1999) , chromospheric emission (Baliunas et al. 1995 (Baliunas et al. , 1996 Montes et al. 2001a) , transition region emission (Soderblom & Clements 1987) , and coronal X-ray and EUV events (Pye et al. 1995; Hünsch et al. 1999) .
DX Leo shows noticeable excess emission in the Ca II H & K (Basri et al. 1989) , Ca II IRT and Hα lines (Montes et al. 2001a ). For our seven spectra from DX Leo (see Fig. 4 ), the Ca II IRT lines show strong filled-in absorption with a weak emission core, and the subtracted spectra show clear emission. All our results are similar to the previous results (Figs. 9 and 10 ). The Hα line shows weak filled-in absorption. Moreover, the subtracted profile shows excess emission. Our value for EW (Li) Fig. 8 The same spectra for V383 Lac. of 188±6 mÅ is similar to the value of 187 mÅ (Strassmeier et al. 2000) , which is in the range shown by the Pleiades (Montes et al. 2001a; López-Santiago et al. 2006; Martínez-Arnáiz et al. 2011 ).
EP Eri
EP Eri is a young active star (Cutispoto 1992; Henry et al. 1995b) . It has exhibited a starspot (Henry et al. 1995b ) and chromospheric activity (Pasquini et al. 1988; Cayrel de Strobel & Cayrel 1989; Henry et al. 1995b; Montes et al. 2001a; etc) . Its chromospheric activity has shown Ca II H & K emissions (Joy & Wilson 1949) and filled-in absorption in the Hα line (Pasquini et al. 1988; Henry et al. 1995a) , and excess emissions of Ca II IRT lines (Montes et al. 2001a ). For our six spectra in Figure 5 , the behavior of the chromospheric indicators is close to the previous results (Figs. 9 and 10). Because most of the data show a large dispersion and there is a large gap in the data of EP Eri (Fig. 9) , more data are needed to address the issue of rotation modulation. The EWs in the strong lithium line of EP Eri are 197 mÅ (Favata et al. 1995) , 187 mÅ (Strassmeier et al. 2000) and 205 mÅ (Montes et al. 2001a ). Our result is 205 ± 8 mÅ, which is similar to the previous results (Favata et al. 1995; Strassmeier et al. 2000) . These values confirm that EP Eri is a possible member of the Local Association moving group (Pleiades) (Montes et al. 2001a,b; López-Santiago et al. 2006 ).
PW And
PW And is a fast rotating single star (Fekel 1997; Montes et al. 2001a,b; López-Santiago et al. 2010) . It is characterized by photospheric activity, which is apparent from the light curve variation (Hooten & Hall 1990 ) and Doppler imaging (Strassmeier & Rice 2006; Gu et al. 2010) , chromospheric activity (Bidelman 1985; Strassmeier et al. 1993; Christian et al. 2001; Montes et al. 2001a ), transition region (Christian et al. 2001; Wood et al. 2000) , several flare events (López-Santiago et al. 2003) and X-ray emission (Eker et al. 2008) . PW And shows moderate emissions of Ca II H & K (Bidelman 1985) and Hα lines (Christian et al. 2001; Montes et al. 2001a; López-Santiago et al. 2003) . For our observed spectra (Figs. 2 and  7) , the Na I D lines are characterized by deep absorption. The spectra computed after subtraction demonstrate that the cores of the Na I D 1 and D 2 lines exhibit weak excess emission. All the Ca II IRT lines display obvious self-reversal in the core. These spectra also reveal that the Ca II IRT lines show clear excess emissions. Our Hα line, taken on 2010 January 2, exhibits emission above the continuum (see Fig. 7 ). The subtracted spectra from PW And show strong excess emission of the Hα line. All our results are similar to the previous results (Figs. 9 and 10 ). There were several measurements of the lithium 6707. 
V383 Lac

V383 Lac is a single active K1 V star (period = 2.42
d , v sin i = 15 km s −1 ) within the Local Association moving group (Mulliss & Bopp 1994; Jeffries 1995; Henry et al. 1995b; Osten & Saar 1998; Biazzo et al. 2009 ). It presents typical magnetic active phenomena, which generate photospheric activity observable by light curve variation (Henry et al. 1995a; Robb et al. 1995; Xing et al. 2007b; Biazzo et al. 2009 ) or small radial velocity variation produced by a starspot (Biazzo et al. 2009 ), chromospheric activity (Mulliss & Bopp 1994; Biazzo et al. 2009 ) and coronal emission (Pounds et al. 1991; Pye et al. 1995) .
V383 Lac is a very active chromospheric star, which shows emission cores in the Ca II H & K lines (Biazzo et al. 2009 ), filled-in absorption in the Hα and H lines (Mulliss & Bopp 1994; Montes et al. 2001a ); weak excess emissions in the Na I D 1 and D 2 lines; and filled-in absorption with core reversal of the Ca II IRT lines (Mulliss & Bopp 1994) . There were four observations of Li 6708, with EW values of 250 mÅ obtained by Mulliss & Bopp (1994) , 277 mÅ (Jeffries 1995) , 257 mÅ obtained by Montes et al. (2001a) and 260 ± 10 mÅ (Biazzo et al. 2009 ). Our result is 271 ± 8 mÅ, which is similar to the previous results. These confirmed that V383 Lac is a star with a lithium abundance similar to the upper envelope of the Pleiades (Montes et al. 2001a,b; Martínez-Arnáiz et al. 2011; etc) .
SUMMING UP
In this section, we will summarize the properties of the Li 6708 line, and the behavior of chromospheric activity. We believe that all our data are very important for any future discussions on the evolution of chromospheric activity.
The Li I 6708 Lines
We calculated the mean values of the lithium EWs for V368 Cep, EP Eri, DX Leo, GJ 211, PW And and V383 Lac. These confirmed that they are possible members of the Pleiades moving group (except for GJ 211) (Montes et al. 2001a,b; López-Santiago et al. 2006; Martínez-Arnáiz et al. 2011 ).
The Behavior of Chromospheric Activity
We obtained the level of chromospheric activity that resulted from our observing runs using several optical chromospheric activity indicators. For the Na I D1 and D2 lines, all our observed spectra show deep absorption. For the excess subtracted spectra, there is weak excess emission (PW And, V383 Lac, V368 Cep and DX Leo) or little emission (EP Eri and GJ 211). For the Hα line, PW And exhibits variation from absorption to weak emission and the subtracted Hα spectra show obvious emission. For other objects, they exhibit filled-in absorption (V383 Lac and V368 Cep) or deep absorption (EP Eri, DX Leo and GJ 211). The corresponding subtracted cases show obvious excess emission (V383 Lac and V368 Cep) or weak emission (EP Eri, DX Leo and GJ 211). For the Ca II IRT lines, all these objects show clear filled-in absorption with core-emission (PW And, V383 Lac, V368 Cep, DX Leo and EP Eri) or have unobservable emission (GJ 211). It is well known that the He I D 3 line is a probe of flare-like events (Zirin 1988) . For the He I D 3 lines of our 30 spectra, we did not observe any emission, which means there were no strong flare-like episodes during our observing sessions. There are not enough data in the present paper to study rotational modulations in the chromospheric activity of our targets.
The ratio of excess emission, EW 8542 /EW 8498 , is an indicator of plages and prominences. The ratios of our objects are about 1.3 (Table 3 ). These small ratios support the previous results (Montes et al. 2001a; etc) 
DISCUSSION
We will discuss the relationship between the equivalent widths of the Li I 6708 line and rotation, and the relations between chromospheric activity and stellar rotation as exhibited by the average values of excess chromospheric emission, the maximum amplitudes of chromospheric rotational modulation and the ratios of excess emissions indicated by EW Ca8542 /EW Ca8498 .
The Relationship between the Equivalent Width of Li I and Stellar Rotation
We collected more data on other single stars in the Pleiades (Table 5 ) and investigated whether there exists a relationship between the equivalent widths of Li I 6708Å and v sin i velocity. As can be seen from Figure 11 , the EWs of Li I 6708Å decrease with decreasing v sin i velocity. We used a simple linear function to fit the trend shown by the data (Table 6 ).
The relation confirms the result that was found in previous results (Rebolo & Beckman 1988; Tschäpe & Rüdiger 2001; Xing et al. 2007a) . A model for lithium depletion with age (Piau & TurckChièze 2002) and the relation between age and rotation evolution (Bouvier et al. 1997; Xing et al. 2007a; etc) indicate that younger objects rotate faster, and that they still retain lithium in their atmospheres. 
GJ 211
GJ 211 is a slowly rotating star (Gaidos et al. 2000; etc) . It has shown chromospheric emission in the Ca II H & K lines (Soderblom & Clements 1987) , coronal activity (Hünsch et al. 1999 ) and a flare event (Gershberg et al. 1999) . Montes et al. (2000) observed a small excess chromospheric emission in the Ca II H & K lines, the Balmer lines and Ca II IRT lines. All our spectra confirmed the previous results (Figs. 6, 9 and 10). GJ 211 has been measured to have a very small EW (Li I) of 2.0 mÅ (Montes et al. 2001a ) and 1.32 mÅ as derived by Gaidos et al. (2000) . Our result is 9 ± 2 mÅ, and these indicate that it might not be a member of the Local Association moving group (Montes et al. 2001a ).
The Relation between Chromospheric Activity and Stellar Rotation
As the excess chromospheric emissions vary with phase Biazzo et al. 2007; Frasca et al. 2008a ; etc), if we want to obtain the precise relations between chromospheric activity and stellar rotation, we should use the average value of the excess chromospheric emission. We collected the available data on single stars (Biazzo et al. 2009; López-Santiago et al. 2010; Montes et al. 2001a; etc) and calculated their average values (Table 5) , which are shown in Figure 12 . For the Ca II IRT data, there is a clear trend of increasing the excess chromospheric emission with increasing stellar rotation. The scatter is quite large for the Hα line. It seems that there is a very weak linear relation between Hα and v sin i. The Hα line might be affected by a prominence or chromospheric emission. More data are needed to confirm this. As can be seen from Figure 12 , the linear fits demonstrate the trend. The parameters describing the linear fits of the EW-rotation relations are listed in Table 7 . All these are consistent with the chromospheric activity-rotation dependence derived by Montes et al. (2001a) and López-Santiago et al. (2005) . Until now, no other authors have discussed the maximum amplitudes of chromospheric rotational modulation with stellar rotation. The maximum amplitude of chromospheric rotational modulation equals the largest EW shown by chromospheric active emission minus the lowest value of chromospheric emission (the quiet chromosphere). They represent variability in chromospheric activity (active chromospheric region). Therefore, we determined the values of the maximum amplitudes of chromospheric rotational modulation for our objects by using the Hα line. To examine the relation between the maximum and v sin i, we also collected the maximum amplitudes for other late-type stars. We listed these values in Table 8 . It seems that there might be a trend of increasing activity with increasing v sin i velocity (Fig. 13) . The linear parameters are listed in Table 6 . They Biazzo et al. (2007) are consistent with the trend in the photosphere resulting from the maximum amplitudes of spotinduced brightness variations in late-type stars by Messina et al. (2003) and short-period RS CVn binaries (Zhang 2012) . The ratio EW 8542 /EW 8498 can be used to differentiate plages from prominences. Until now, no other authors have discussed the relation between the EW 8542 /EW 8498 ratio and rotation. We found that there was a weak trend that showed increasing ratios of EW 8542 /EW 8498 with increasing v sin i velocity. The linear fit is shown in Figure 13 and the corresponding result is listed in Table 8 . This fit might give us a hint about the relation between the occurrence of a plage (or prominence) and the v sin i velocity. More theories will be needed to address these topics in the future.
